Fuss et al. 1 have recently claimed that the earliest Hominini -and incidentally the whole evolutionary root of humankind -could be found, not in Africa, but in Europe. This claim was critically discussed by the media in a number of articles 2, 3 .
This new hypothesis was proposed on the basis of the re-assessment of a mandible and lower fourth premolars (p 4 ) from Greece and Bulgaria attributed to Graecopithecus freybergi and cf. Graecopithecus sp., respectively. 1 Based on an X-ray tomographic revision of this material, Fuss et al. 1 found that Graecopithecus shares with Hominini a partial fusion of the p 4 buccal roots (a state that resembles Tomes' root in modern humans), thick enamel and megadonty. Graecopithecus fossils were dated to around 7.2 million years, which would make them the oldest remains attributed to Hominini, even older than Sahelanthropus tchadensis dated at around 6-7 million years.
However, none of the characters cited by Fuss et al. 1 is strictly unique to Hominini, as thick enamel and megadonty are found in a wide variety of Miocene apes as well as in extant Pongo. 4, 5 A partial fusion of p 4 roots is present in 2-5% of Pan specimens, as acknowledged by Fuss et al. 1 These findings put the assertion that Graecopithecus belongs to Hominini into serious question.
Even if Graecopithecus can be attributed to Hominini, the fact that it is older than Sahelanthropus does not make it the basal-most representative of this clade. As recently exemplified by the Homo naledi case 7 , the stratigraphic age of a fossil taxon is not a reliable indicator of its phylogenetic position 8 . Fuss et al. 1 emphasised the fact that Graecopithecus appears to be more derived than Sahelanthropus, both in terms of canine reduction and the degree of p 4 roots fusion. If Graecopithecus happens to be more derived than Sahelanthropus, then the evolutionary tree of Hominini would remain rooted in Africa and Graecopithecus would only represent an offshoot that dispersed out of Africa very early in the evolutionary history of hominins. On the other hand, Graecopithecus might be closely related to Ouranopithecus, with which it has been synonymised for a long time 9 or to other Eurasian apes, as suggested by previous cladistic analyses 10 . In these cases, the evolutionary root of humankind would definitely remain in Africa.
The re-attribution of Graecopithecus by Fuss et al. 1 constitutes an important taxonomic and phylogenetic assertion that has critical implications regarding the early evolutionary origin of Hominini. This assertion must be tested using a cladistic analysis as it provides a standardised method that enables one to reconstruct character polarity and tree topology in a repeatable and testable manner. 11, 12 The aim of this short paper is to assess the phylogenetic position of Graecopithecus using a cladistic analysis and to discuss the biogeography of early hominins.
We used Finarelli and Clyde's character matrix 4 , which is itself an updated version of that of Begun et al. 13 , which is the most comprehensive character matrix available that includes Miocene apes and Hominini. Graecopithecus was coded following the description by Fuss et al. 1 Two characters were added to the matrix in order to account for the discovery of new diagnostic features in Graecopithecus: first, the thickness of the enamel and second, the fusion of the p 4 roots (see the supplementary material). These two characters were coded using previous reports in the literature. 1, 6, 14 As stated by Fuss et al. 1 , fusion of the p 4 buccal roots sometimes occurs in Pan; however, in order to reflect the rarity of this condition, this character was coded as absent in this taxon. It must be noted that to code this character as variable in Pan does not change the results of the cladistic analysis.
The analysis was run using Proconsul as the outgroup. The data matrix was treated under the assumption of the minimal model of unweighted parsimony, using PAUP.4b1, 15 with a branch-and-bound search (an exhaustive search). All characters were treated as unordered and equally weighted. The data matrix is provided in the supplementary material.
The analysis resulted in 15 equally parsimonious trees of 439 steps. The homoplasy index is 0.45, the retention index is 0.64 and the consistency index (CI) is 0.55. The strict consensus is unresolved for the clade unifying Hominini, Graecopithecus, Pan, Gorilla, Pongo, Sivapithecus, Lufengpithecus, Ouranopithecus and Ankarapithecus. Therefore, only the majority consensus is presented in Figure 1 . This tree supports a close relationship between Hominini, Pan and Gorilla, to the exclusion of Graecopithecus, therefore rooting the evolutionary origin of humankind in Africa. Graecopithecus appears to be in an unresolved position. Nevertheless, among the 15 equally parsimonious trees, Graecopithecus appears as the sister taxon of Hominini in four of them. Two characters support this relationship, but they are both subject to homoplasy:
• 100 (changes to state 2, ambiguous, CI: 0.50): reduced canine
• 113 (changes to state 1, ambiguous, CI: 0.33): postcanine dentition larger than anterior dentition
In one of the four trees, there are two additional synapomorphies:
• 112 (changes to state 1, ambiguous, CI: 0.25): low dentine penetrance
• 201 (changes to state 1, ambiguous, CI: 0.33): thickened enamel
The presence of Tome's root (character 202) appears as an unambiguous synapomorphy only in accelerated transformation optimisation (ACCTRAN scenario). In this respect, it is noticeable that numerous authors have emphasised the importance of homoplasies in Miocene apes, including dental morphology. 6, 16 This analysis highlights some of the characters recognised by Fuss et al. 1 to identify Graecopithecus as a Hominini in some of the phylogenetic trees, but remarkably reconstructs none of them as a definite, unambiguous synapomorphy. 
